Background: Hepatocellular carcinoma (HCC) is one of the most common cancer in the world. Liver resection (LR) is the most used therapy in well compensated liver cirrhosis and maybe used as a first-line treatment. Aim of the study is to evaluate survival rates in patients who underwent LR for HCC and to identify risk factors able to influence the prognosis. Material/Method: A retrospective study was carried out in 115 patients who underwent LR for HCC. We evaluated overall and disease-free survival rates at 1, 3 and 5 years (y) and a series of variables included: type of resection, clamping, blood loss, transfusions, tumor size, presence of capsule, satellite nodules and vascular invasion. Results: The 1-, 3-, 5-y survival rates were 90.2%, 67% and 52.7%, and disease-free survival rates were 75.3%, 44.7% and 28.4%, respectively. We have found presence/ absence of capsulated tumor (p = 0.05), satellite nodules (p = 0.004) and vascular invasion (p = 0.001) as factors able to influence the overall survival and the disease-free survival (p = 0.04 for capsulated tumor, p = 0.01 for satellite nodules and p = 0.006 for vascular invasion). Conclusion: LR is the best therapeutic option for HCC when liver transplantation is contraindicated, with good survival rates. Presence of capsule, satellite nodules and vascular invasion are the most important factors able to influence the prognosis.
Introduction
The incidence of hepatocellular carcinoma (HCC) is continuously increasing in the world and the surgical option still represents the gold standard in the treatment. Unfortunately, only 10% -20% of these patients are resectable because of tumour extension, location or multicentricity; an advanced stage of cirrhosis is also a contraindication to resection [1] [2] . In selected candidates, according to Milan criteria, liver transplantation still remains the treatment of choice. Liver resection on the other hand, is the most used therapy for HCC in well compensated liver cirrhosis (Child A score). Nevertleless, 5-year overall and disease-free survivals are low because of a high recurrence rate and/or the development of "de novo" HCCs.
The study of risk factors for recurrence may contribute to a better insight for the selection of candidates who may benefit from liver resection in order to improve long term survival.
The aim of this paper was to evaluate retrospectively the results of surgical treatment of patients affected by HCC and to find potential prognostic factors which well correlate with a better outcome and a lower recurrence rate.
Patients and Methods
A retrospective study was carried out on 115 patients who underwent curative liver resections for HCC at Unit of Gastro-Intestinal Surgery of the University of Florence between October 1990 and April 2013. The study period was started for each patient with the date of surgical procedure and ended in September 2013.
The preoperative diagnosis of HCC was based on the evidence of 2 radiologic imaging showing characteristic features of HCC, or one radiologic imaging showing characteristic features of HCC associated with alpha-fetoprotein (AFP) >400 ng/ml, or in a minority of cases, on cytologic/histologic evidence.
All patients underwent clinical examination and laboratory blood tests including hepatitis B surface antigen, antibodies to hepatitis C, aspartate aminotransferase (AST), alanine aminotransferase (ALT), serum albumin, total bilirubin, and prothrombin time. Furthermore serum tumor markers such as AFP, carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA 19-9) were obtained.
All patients were staged as Child A according to the Child-Pugh classification. Surgery was performed through a bilateral subcostal incision with a midline extension or J laparotomies. After mobilization of the liver, intraoperative ultrasound was performed to assess the number, size of the lesions, the relation of the tumor with vascular structures and the spread of the tumor thrombus along the veins. Liver resections were based on Couinaud classification as either anatomical or non anatomical and either as major or minor (more than or less than 3 segments). Parenchymal transection was carried out using a Kelly crush technique. Intraoperative blood loss was classified as more or less than 500 cc and blood/fresh frozen plasma (FFP) were transfused if necessary.
The dimensions of the tumour were defined as the main diameter (expressed in centimeters), considering two categories (minor or equal to 5 cm and larger than 5 cm). Peritumoral capsule and vascular infiltration were hystologically documented when present.
The follow-up program included liver function test, a serum AFP assay and abdominal ultrasonography every 3 months. Contrast computed tomography was performed every 6 months for surveillance of recurrence. The diagnosis of recurrence was based on the not-invasive diagnostic criteria for HCC used by the European Association for the Study of the Liver [3] or rarely on the cytologic/histologic evidences.
The hepatic recurrence was treated by re-resections, local ablative techniques, regional or systemic therapy or palliative treatment, depending on the size, location and number of recurrent tumor, on liver function status and on general conditions.
For the statistical analysis the distributions of all studied patients were reported with respect to their demographic and clinical characteristics and were summarized as frequencies and percentage. Primary outcome measures were overall survival (OS) and disease-free survival (DFS). Secondarily morbidity and in-hospital mortality were also evaluated. OS was defined as the time between intervention and death. DFS was defined as the time between intervention and disease recurrence or death, whichever occurred first. Observation time of patients without unfavorable events at the last follow-up visit was censored. The following demographic and clinical variables were investigated: presence of vascular invasion, capsule, satellites nodules, tumor size, type of resection (anatomical or non anatomical and major or minor resection), type of clamping, blood loss, blood and fresh frozen plasma (FFP) transfusions. All the variables were investigated for their impact on OS. The univariate survival curves were estimated using Kaplan-Meyer method and the differences in the survival rates between the groups were compared by the log-rank test. Significant difference was set at p value < 0.05. All analyses were performed with the SPSS Medical Pack for Windows (version 21.0; SPSS, Chicago, IL, USA).
Results
The 115 patients ranged in age from 19 to 83 years, with a median age of 65.9 years. Of these patients 86 (74.7%) had virus related cirrhosis (68 were positive for hepatitis C antibodies, 18 for hepatitis B virus-related antigen or antibodies), 24 (21%) had no virus related cirrhosis, while 5 (4.3%) showed a normal liver. Overall survival rates at 1-, 3-and 5-year were 90.2%, 67% and 52.7%, respectively, and the median survival time was 72.3 months (Figure 1) .
The disease-free survival rates at 1-, 3-and 5-year were 75.3%, 44.7% and 28.4%, respectively, and the median disease-free survival time was 29.1 months (Figure 2) .
Post-operative mortality was 4.1%, however from 1996 at today it was reduced to 2.3%. Major liver resections were performed in 24 patients (20.8%) and minor resections in 91 (79.2%); 53 patients (46%) had anatomical resections, while 62 (54%) had not anatomical resections. Of these patients, 24 (20.8%) did not have vascular occlusion, 39 (34%) underwent a Pringle manoeuvre, 28 (24.4%) had hemi-Pringle, 21 (18.2%) had an inflow and outflow selective occlusion, 3 (2.6%) had an inflow and outflow total occlusion during parenchymal transection. Blood loss more than 500 cc occurred in 20 (17.4%) patients, 41 (35.6%) had FFP transfusions, while 14 (12%) had blood transfusions.
Of these patients, 80 (69.5%) had tumor size lower than 5 cm, while 35 (30.5%) had tumor larger than 5 cm. The 1-, 3-, 5-year survival rates in patients with tumor size lower than 5 cm were 93%, 71% and 59%, while in tumor larger than 5 cm were 83%, 56% and 40% (p = 0.22). The disease-free survival at 1, 3 and 5 years were 92%, 59% and 43% vs. 78%, 39% and 28%, in tumor lower and larger than 5 cm respectively (p = 0.09).
Capsulated tumors were found in 20 patients (17.4%) and satellites nodules in 32 (27.8%). In capsulated tumor the 1-, 3-, 5-year survival rates were 95%, 75% and 67%, while were 89%, 64% and 48% in not-capsulated (p = 0.05). Disease-free survival at 1, 3 and 5 years in patients with capsulated tumor were 95%, 68% and 53%, while were 86%, 49% and 35% in the other patients (p = 0.04).
Vascular infiltration was present in 32 (27.8%) patients. The 1-, 3-, 5-year survival in patients with vascular invasion were 74%, 38%, 28%, with a median survival of 25.3 months, while in the others patients were 95%, 78%, 69%, with a median survival of 81.6 months (p = 0.001) (Figure 3) . Differences in disease-free survival at 1, 3 and 5 years in patients with and without vascular invasion were 71%, 34% and 25% vs. 94%, 61% and 44%, respectively (p = 0.006) (Figure 4) . The 1-, 3-, 5-year survival rates in presence of satellite nodules were 90%, 42% and 32%, with a median survival of 30.6 months, while in absence were 90%, 80% and 64%, with a median survival of 103 months (p = 0.004) (Figure 5 ). Disease-free survival at 1, 3 and 5 years in patients with and without satellite nodules were 84%, 34% and 25% vs. 90%, 64% and 46%, respectively (p = 0.01) (Figure 6) .
The characteristics of patients related to overall survival and disease-free survival with univariate analysis are shown in Table 1 and Table 2 . 
Discussion
The surgical resection is the gold standard treatment of hepatocellular carcinoma, in patients with transplant controindications. Patients are selected based on the hepatic functional reserve and to the state of the tumor.
Cha et al. in their study documenting an overall survival of 79%, 51% and 40% respectively at 1, 3 and 5 years after hepatic resection, with a median survival time of 36 months [4] . Belghiti et al. [5] reported a cumulative survival of 35% and 17% at 3 and 5 years respectively in a cirrhotic population. Kanematsu et al. document an overall survival rate of 84%, 67%, 51% and 20% respectively at 1, 3, 5 and 10 years, in a population of patients with cirrhosis. Vauthney et al. [6] also reported a 5 and 10 year survival of 41% and 32% respectively with a mean survival time of 26 months. The results of the Liver Cancer Study Group of Japan show a survival at 1, 3, 5, 10 years old, respectively, 85%, 64%, 45% and 21% [7] .
In our study the overall survival rates at 1-, 3-and 5-year were 90.2%, 67% and 52.7%, with a median survival time was 72.3 months, while the disease-free survival rates were 75.3%, 44.7% and 28.4%, respectively, with a median disease-free survival time was 29.1 months.
Intrahospital mortality rate after sugical resection for HCC may considerably vary mainly depending on the Child-Pugh status but also on the tumor stage. Overall perioperative mortality rates reported in the literature ranges from 0.9% to 50% [4] [8]- [10] . Such a large range of variation could be interpreted as the expression of different selection criteria. The selection of potential candidates to surgical treatment represents, in our opinion, a crucial point in order to obtain low mortality rates. Besides perioperative mortality rate also depends on the improvement of surgical techniques and on the skillness of the surgical team in the treatment of cirrhotic patients in the postoperative period. The higher mortality rates in the 80 and 90 years if compared with the more recent, clearly show the improved skillness in the postoperative treatment of these patients [11] . In our analysis the post-operative mortality rate was 4.1%, but it was reduced to 2.3% from 1996 at today.
HCC usually recurs in the liver itself, with a literature recurrence rates ranges from 40% to 100% [5] [12]. Recurrence may develop either from a microscopic residual disease (R1 resection) or from a "de novo" HCC which arises in a cirrhotic liver.
Torzilli et al. [13] identified bilirubin, cirrhosis, esophageal varices, tumor size, and macrovascular invasion to be statistical and independent prognostic factors for overall survival in HCC underwent liver resection.
Ko et al. [14] reported the execution of a major hepatectomy as a risk factor for intrahepatic recurrence, sup- posed that a greater extent of hepatectomy involves a greater regenerative growth that can facilitate the process of carcinogenesis in the remnant liver. Imamura et al. [15] reported a decrease in the rate of recurrence in patients underwent typical resection rather than atypical. Yamazaki et al. show a 5-year survival of 35% versus 66%, respectively, in patients underwent enucleation than segmentectomy, proposing typical resection as the best option [16] . We have not found a statistical difference about type of resection, vascular occlusion, blood loss and blood/FFP transfusions. Cha et al. [4] document the presence of vascular invasion in 45% of cases out of 164 pts. and report that this factor is an important one to predict recurrence, together with tumor dimensions larger than 5 cm, at a univariate analysis. Lee et al. show a 10-year survival of 31% in patients with tumors smaller than 3 cm [17] .
Lai et al. [18] reported a recurrence rate of 63% at 14 months after surgery and a 5-year survival of 12% in 117 patients with a tumor larger than 5 cm. Ohkubo et al. [19] show that the size of the tumor influence the prognosis in patients with hepatocellular carcinoma, but emphasize that this parameter becomes statistically significant only for lesions with a diameter greater than 10 cm. Recurrence seems also correlate with peritumoral capsule [18] [20] . In our study the tumor dimensions seems to be correlated with the recurrence, with a better disease-free survival rates in patients with tumor smaller than 5 cm (p = 0.09). The presence of peritumoral capsule shows a statistical difference on overall and disease-free survival rates, with a better survival in patients with capsulated tumor.
Kawasaki et al. [9] report a significant correlation between the absence of vascular invasion and intrahepatic metastasis and the disease-free survival. Hanazaki et al. [21] also observe that cirrhosis and vascular invasion predict long term survival in patients older than 70 years. Vauthey et al. [6] also confirm vascular invasion as a predictive factor for long term outcome but do not observe any significant correlation among survival and the presence of cirrhosis, grading, tumor dimension larger than 5 cm and free margins. In this study the overall survival rates at 1-, 3-, 5-year survival rates were 90%, 42% and 32% in presence of satellite nodules versus 90%, 80% and 64% in absence (p = 0.004); and 74%, 38%, 28% versus 95%, 78%, 69% in patients with and without vascular invasion (p = 0.001). Furthermore a statistical difference were found on disease-free survival rates about presence of satellite nodules (p = 0.01) and vascular invasion (p = 0.006). So our study clearly shows by the means of a univariate statistical analysis that the presence of satellite nodules, vascular invasion and not-capsulated tumor are important factors correlated with overall and disease-free survival rates.
Conclusion
Liver resection is the best therapeutic option for HCC if liver transplantation is not ready available or contraindicated, with good survival rates. Dimensions of tumor have a statistical "trend" on the disease-free survival rates, with a better survival in pts with lesions < 5 cm. Absence of capsule, presence of satellite nodules and vascular invasion are very important factors able to influence the prognosis of resectable HCC patients based on our findings.
